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Abstract X-linked inhibitor of apoptosis protein (XIAP),
a leading member of the family of inhibitor of apoptosis
(IAP) proteins, is considered as the most potent and ver-
satile inhibitor of caspases and apoptosis. It has been
reported that XIAP is frequently overexpressed in cancer
and its expression level is implicated in contributing to
tumorigenesis, disease progression, chemoresistance and
poor patient-survival. Therefore, XIAP is one of the leading
targets in drug development for cancer therapy. Recently,
based on bioinformatics study, a previously unrecognized
but evolutionarily conserved ubiquitin-associated (UBA)
domain in IAPs was identiﬁed. The UBA domain is found to
be essential for the oncogenic potential of IAP, to maintain
endothelial cell survival and to protect cells from TNF-
a-induced apoptosis. Moreover, the UBA domain is
required for XIAP to activate NF-jB. In the present study,
we report the near complete resonance assignments of the
UBA domain-containing region of human XIAP protein.
Secondary structure prediction based on chemical shift
index (CSI) analysis reveals that the protein is predomi-
nately a-helical, which is consistent with the structures of
known UBA proteins.
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Biological context
The covalent conjugation of ubiquitin to target proteins
inﬂuences various cellular processes, including NF-jB sig-
naling, DNA repair and cell survival. The most common
mode of regulation by ubiquitin-attachment involves spe-
cializedubiquitin-bindingproteinsthatbindtoubiquitylated
proteins and link them to downstream biochemical pro-
cesses. Unraveling how the ubiquitin-message is recognized
is essential because aberrant ubiquitin-mediated signaling
contributes to tumor formation. Recent evidence indicates
that inhibitor of apoptosis (IAP) proteins are frequently
overexpressed in cancer and their expression level is
implicated in contributing to tumorigenesis, disease pro-
gression, chemoresistance and poor patient-survival.
X-linked inhibitor of apoptosis (XIAP), belonging to an
evolutionary conserved family of inhibitor of apoptosis
protein (IAP), is involved in diverse cellular functions
including caspase inhibition, receptor signaling activation
and ubiquitylation of proteins for proteasomal degradation.
XIAPisaleadingfamilyofIAP proteinsandit isconsidered
as the most potent and versatile inhibitor of caspases and
apoptosis. Therefore, XIAP is one of the leading targets in
drug development for cancer therapy. XIAP is characterized
by the existence of three baculoviral IAP repeat (BIR1–3) at
the N-terminus and a Really Interesting New Gene (RING)
domain (Schimmer et al. 2006) at the C-terminus. Yet, the
long stretch of sequence linking the BIR1–3 domains to the
RING domain has no reported structure or function until
recently. Previous investigations showed that the inhibitions
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by BIR2 and BIR3 domains, respectively (Eckelman et al.
2006), while the BIR1 domain plays a role in mediating the
activationofNF-jBpathwayviainteractionwithTAK1(Lu
et al. 2007). The RING domain in XIAP functions as an E3
ubiquitin ligase to regulate the proteasomal degradation of a
number of cellular proteins, including caspases and XIAP
itself (Vaux and Silke 2005). Recently, an evolutionary
conserved ubiquitin-associated (UBA) domain was identi-
ﬁedwithinthelinkerregioninbetweenthethirdBIRdomain
andRINGdomainofc-IAP1,c-IAP2andXIAP.Subsequent
studies demonstrated that the UBA domain inXIAP bindsto
Lys 63-linked polyubiquitin and plays role in signaling
process, leading to NF-jB activation and cell survival
(Gyrd-Hansen et al. 2008). A later site-directed mutagenesis
study further highlighted the importance of a conserved
MGF loop in the UBA domain of cIAP-1 in mediating the
interaction with monoubiquitin (Blankenship et al. 2009).
The identiﬁcation of the UBA domain in XIAP not only
provides new insights for understanding the underlying
molecularmechanismofthefunctionsofXIAPbutalsolead
to a new potential drug target site on the XIAP protein. The
goal of our study is to determine the complex structure of
UBA domain of XIAP with mono/poly-ubiquitin by NMR
spectroscopy. As a ﬁrst step of the structure determination
process, we reported the backbone and side-chain resonance
assignments of the newly identiﬁed UBA-domain contain-
ing region (UBA-XIAP) in human XIAP.
Methods and experiments
Cloning, expression, and puriﬁcation
The DNA fragment, encoding the UBA domain-containing
region (amino acids 357–449, XIAP357–449, corresponding
to residues 12–104 in current study) of XIAP (accession
number NP_001158), was cloned into a bacterial expression
vector, pET-H. Plasmid pET-H was modiﬁed from pET-32a
(?) (Novagen), in which the nucleotide sequences encoding
the thioredoxin-tag and S-tag were deleted. The resulting
construct had an N-terminal (His)6-tag. Recombinant
(His)6-tag UBA-XIAP was expressed in Escherichia coli
BL21 (DE3) cells in M9 medium supplemented with 2.0 g/l
[U-
13C] glucose and 1.0 g/l
15NH4Cl (Cambridge Isotopes
Laboratory) after 0.3 mM IPTG induction at 25C for 16 h.
For protein puriﬁcation, the harvested cells were resus-
pended in 50 mM Tris–HCl pH 7.6, 300 mM NaCl and
1 mM PMSF. It was lysed using sonication, and followed
by centrifugation to remove cell debris. Soluble (His)6-tag
UBA-XIAP was afﬁnity-puriﬁed by using HiTrap chelating
HP columns (GE Healthcare). The (His)6-tag was cleaved
by thrombin and the digested protein mixture was further
puriﬁed by size exclusion chromatography on Hiload
Superdex 75 prep grade (16/60) column (GE Healthcare).
The purity of the (His)6-tag UBA-XIAP was estimated to be
over 95% by SDS–PAGE.
NMR experiments
NMRsampleswerepreparedinbuffercontaining20 mMBis-
TrisHCl pH 6.7, 100 mM NaCl, 5 mM d10-DTT and 1 mM
PMSF in 90% H2O/10% D2O. The ﬁnal concentration of the
proteinwas0.7 mM.NMRspectrawereacquiredat298 Kon
a Bruker Advance 600 MHz NMR spectrometer equipped
withaTCIcryoprobe.Protonchemicalshiftswerereferenced
to TSP (0 ppm), while
13Ca n d
15N chemical shifts were ref-
erenced indirectly, using the gyromagnetic ratios of
15N,
13C
and
1H(
15N/
1H = 0.101329118,
13C/
1H = 0.251449530).
Backboneresonanceswereassignedfrom2D
1H–
15NHSQC,
3D HNCO, 3D HN(CO)CACB, and 3D HNCACB spectra.
Aliphatic side-chain resonances were obtained from 2D
1H–
13C HSQC, 3D HCCH-TOCSY, and 3D HCCH-COSY
spectra. The 2D (HB)CB(CGCD)HD and 2D (HB)CB
(CGCDCE)HEspectrawereusedtoassignthe aromaticside-
chain protons. All NMR data was processed using
XWINNMR software (Bruker GmbH), and analyzed with
SPARKY (Goddard and Kneller 1993).
Assignments and data deposition
The 2D
1H–
15N HSQC spectrum of UBA-XIAP, with
assignment indicated, is shown in Fig. 1. A total of 96.7%
of backbone and side-chain
1H,
15N and
13C resonance
assignments were obtained, including 99.2% of backbone
assignments (except for HN, N of Gly1 and Ser2 and N of
Pro15 and Pro29) and 95.0% side-chain assignments. All
chemical shift assignments of UBA-XIAP have been
deposited in the BioMagResBank (http://www.bmrb.wisc.
edu) under the accession number 16478. The secondary
structure of UBA-XIAP was predicted using chemical shift
index (CSI) analysis, which were generated using
1Ha,
13Ca,
13Cb and
13C0 chemical shifts (Fig. 2; Wishart and
Sykes 1994). It was predicted that the protein under study is
primarily composed of four a-helices. The arrangement of
the ﬁrst three helices (a1–a3, residue 30–76, XIAP375–421)
closely resembles other members of the UBA superfamily.
The last helix (a4) does not associate strongly with the ﬁrst
three helices (a1–a3) according to the analysis of 3D
15N-
edit NOESY-HSQC spectrum.
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Fig. 1 2D
1H–
15N HSQC spectrum of uniformly
15N labeled human
UBA-XIAP. The assignments are annotated by resonance peaks with
one-letter amino acid code and the sequence number. Resonances
corresponding to Asn and Glu side-chain NH2 amides are connected
by horizontal lines
Fig. 2 Consensus chemical shift index (CSI) plot of the human UBA-
XIAP. The predicted secondary structure elements are displayed at
the bottom
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